Background and Purpose: Imaging characteristics of meningiomas have been discussed previously in many studies; however complete imaging features involving general features, MRS and DWI of both typical and atypical meningiomas have been discussed in very few studies. CT and MR imaging findings in 46 cases of intracranial meningioma are reviewed to define specific imaging features. Methods: The present study was carried on 46 patients in the Department of Radiodiagnosis and Imaging, Institute of Medical Sciences, Banaras Hindu University during June 2009 to July 2011.The investigation was carried out by GE-VCT 64 Slice Scanner machine and Magnetic resonance imaging was contemplated using 1.5 Tesla SIEMENS-MAGNETOM AVANTO. CT and MR imaging studies were reviewed to characterize mass location, imaging characteristics, atypical features and advanced imaging features. Clinical presenting signs and symptoms were correlated with imaging findings. Results: a). Forty six cases of intra cranial meningiomas were studied prospectively in 24 women and 22men, aged 11 -80 years. Meningiomas were stratified into typical and atypical and also depending upon intra cranial location. b). 73.91% of the cases in showed supratentorial location, rest were infratentorial (26.08%).CT/MRI revealed well defined margins in 84.78% with homogenous consistency in 73.91% of lesions. Foci of necrosis were noted in 32.60% of cases and 15.22% of cases showed calcification foci in meningioma. Sinus invasion noticed in 15.22% of cases, whereas adjacent bony reaction noticed in 30.43% of cases. c). Majority of Meningioma showed broad dural base (89.10%), adjacent white matter buckling (71.74%) and surrounding CSF cleft (52.17%). Displaced subarachnoid vessels were demonstrated in 30.43%, where as the pathognomonic dural tail was present in only 23.91% of the cases. d). All the cases of Meningioma demonstrated restriction on diffusion weighted sequences suggestive of high cellularity of the lesions. On CT angiography, neovascularity was noticed in 85.71% and tumor blush was noticed in 71.42% incidence. On MR Spectroscopy, all demonstrated choline peak and in one third cases alanine peak was discernible. Conclusion: In view of the observed evidence, it was concluded that understanding the classification, pathology and imaging appearance meningioma are essential for treatment planning. CT and MR imaging play indispensable role in the localization & characterization of these tumors, and MR have virtually yielded its position of dominance in characterizing these tumors.
Introduction
Meningiomas are the most common nonglial primary tumors of the central nervous system and the most common extraaxial neoplasms, accounting for approximately 15% of all intracranial tumors. Symptomatic meningiomas occur two to three times more commonly in female patients, especially those in the middle age (40-60 years) group, and generally are benign neoplasms that are derived from meningothelial cells. 1 Meningiomas typically occur as extraaxial tumors although they are generally benign tumors, up to 10% of meningiomas are atypical or malignant, characterized by nuclear disorganization, necrosis, prominent nucleoli, and increased mitoses on histology(s).
Imaging has an important role in characterizing these lesions and helping in presurgical differential diagnosis, which is essential for optimizing treatment strategies. We will discuss these features with correlation to pathology and advanced imaging features in this article.
Materials and Methods
A prospective study of 46 patients, approved by our institutional thesis board, was evaluated with histologically correlation in patients between age group 11-80 years during a 2-year period from June 2009 to July 2011.
CT Scan was carried out by GE-VCT 64Slice Scanner machine with stand CT protocol for head and neck. Non ionic contrast media was routinely administered in all patients to look for the enhancement pattern and characteristics. Magnetic resonance imaging was contemplated using 1.5 Tesla SIEMENS-MAGNETOM AVANTO with dedicated Radio Frequency receive only head coils using following sequences T1-weighted, T2-weighted, FLAIR, Diffusion Weighted and MR spectroscopy. After these sequences were obtained, intravenous contrast study was performed in all the patients to look for the degree and the pattern of enhancement and to assess the vascularity.The CT and MR scans were evaluated with respect to the following points: Location (supra/infratentorial) and site of the lesion, Perifocal Edema, Intensity compared to grey matter, Contrast enhancement and type of enhancement, Presence of extraaxial signs viz, CSF cleft, displaced subarachnoid vessels, buckling of cortical gray matter between the mass and the white matter, displaced and expanded subarachnoid space, broad dural base and bony reaction, Presence of Mass effect, Presence of signal voids on T1WI and T2WI (calcification / fibrosis / vessels), Presence of Hemorrhage, Heterogeneity, Presence of Necrosis / Cystic change, Presence of calcifications, Margins: Sharp & well defined or Ill-defined and Histology (wherever available)The evaluation data, as mentioned above, were analyzed for the summation of the present prospective study.
Results
Majority of the patients having Meningioma were female (52.17%), while 47.82% were males. The age distribution of Meningioma revealed maximum incidence in the fourth decade (30.43%) followed by sixth decade (17.89%) and seventh decade (15.22%). Majority of the cases having Meningioma involved parasaggital, CP angle ( fig. 1) , and sphenoid and petrous regions (15.27% each), followed by involvement of fronto-parietal (10.87%). Less common sites were parietal, tempero-parietal and occipital regions. (Table 3) . Excluding those in spinal locations, which constitute approximately 12% of all meningiomas, intracranial and juxtacranial meningiomas arise in the following locations in descending order of frequency: convexity (lateral hemisphere) (20%-34%); parasagittal (medial hemisphere) (18%-22%) (includes falcine meningiomas (5%), which are located below the superior sagittal sinus and usually extend to both sides); sphenoid and middle cranial fossa (17%-25%); frontobasal (10%); posterior fossa (9%-15%), including the tentorium cerebelli (2%-4%), cerebellar convexity (5%), cerebellopontine angle (2%-4%), and clivus ( < 1%); intraventricular (2%-5%); orbital (< 1%-2%); and ectopic (< 1%). 4 Because complete surgical resection is the definitive treatment for meningiomas, the single most important feature regarding therapy is tumor location, as it substantially affects surgical accessibility. Consequently, it is important to recognize the potential atypical locations of these neoplasms to ensure both proper diagnosis and treatment.
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Typical imaging appearances:
Plain films:
The role of plain film imaging in the investigation of meningiomas has been superseded by other techniques. Plain films are normal in the majority of cases although they may demonstrate hyperostosis, calcification, and osteolysis associated with the tumours. 6 On non-contrast CT, meningiomas appear as unilobular, homogeneous hyperdense masses in relation to brain parenchyma. After the administration of contrast medium, they show intense and usually homogeneous enhancement. Calcification is seen on CT in 20-27% of meningiomas. 4 13 The most frequent location of cystic meningiomas is on the cerebral convexity; the parasagittal region is the second most frequent location. CT scans often show mixed density masses, which are isodense on unenhanced scan with hypodense areas. On contrast enhancement, the isodense part of the tumors is enhanced. On CT scans, peritumoral cysts may be seen as a zone of diminished density of variable width surrounding the tumor. 11 Currently, MRI especially with gadolinium enhancement, is the preferred mode, since this is able to distinguish cyst wall invaded by tumor cells (type 2) from cyst wall composed of gliotic tissue without tumor infiltration (type 3).
14 Lipomatous Meningioma: Lipomatous meningioma, also known as lipomeningioma or lipoblastic meningioma is a rare entity. Thirty-two cases have been described in the literature. 15 According to AlMefty 16 , it is characterized by a transformation of meningothelial cells into adipocytes. Radiologically the tumor is usually hypodense on CT and shows high intensity on T1-weighted and T2-weighted MRI, and the high intensity area on T1-weighted MRI is changed to a low intensity area on fat-suppressed T1-weighted imaging.
3,5-8,10-24 A true benign "lipomeningioma" presents adipose tissue elements admixed with the meningioma. The lipomatous meningioma usually presents whorls consisting of meningothelial cells with only one triglycerides droplet, and a peripherally displaced nucleus.
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Peritumoral Edema:
Peritumoral edema is present in at least half of the cases of meningioma, and it may be present in varying degrees and in an unpredictable fashion. The mechanism by which a meningioma produces peritumoral edema is not fully elucidated. 18 The cause of intraaxialperitumoralvasogenic edema associated with meningiomas is controversial. Some theories implicate active fluid production (secretion or excretion) by the tumor, with "flow" through the thinned contiguous cortex. Others have suggested that the tumor injures the brain mechanically (by means of direct compression) or ischemically (from parasitization of the cortical arteries, compression of the cortical veins, or frank involvement of the dural sinuses). Most likely, the edema is caused by a combination of different mechanisms.
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Ring Enhancement: Meningiomas are usually fairly homogeneous masses, with homogeneous enhancement. However, they may have an atypical ringed appearance, rather than occur as a solid mass. The peripheral enhancement represents the normal pattern for viable meningeal neoplasms, and the center is an avascular or necrotic region. The causes for the central non-enhancing zone vary and include bland tumor infarction, necrosis in aggressive histologic variants, and true cyst formation from benign fluid accumulation.
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Classification and Grading:
Most meningiomas are benign and correspond to WHO grade I. Certain histological subtypes or meningiomaswith specific combinations of morphologic parameters are associated with less favourable clinical outcomes and correspond to WHO grades II (atypical) and III (anaplastic or malignant). 
Meningiomas grouped by likelihood of recurrence and grade by WHO
Histopathology:
Meningiomas exhibit a wide range of histologic appearances. 23 Of the subtypes in the WHO classification, meningothelial, fibrous and transitional meningiomas are the most common. The majority of subtypes behave in a common clinical manner, but four histologic variants, falling into the grade II and III categories, are far more likely to recur and follow a more aggressive clinical course including metastasis. 
WHO Criteria For Meningioma Grading
Fibrous (Fibroblastic) Meningioma:
Fibrous meningiomas are mainly composed of spindle-shaped cells that resemble fibroblasts and form intersecting fascicles embedded in a collagen-rich and reticulinrich matrix. 24 Fibroblastic and transitional meningiomas tend to be hypointense or isointense relative to the cerebral cortex, and meningothelial, malignant and angioblasticmeningiomas, on the other hand, tend to be hyperintense on T2-weighted images.
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Transitional (Mixed) Meningioma:
Transitional (mixed) meningiomas combine features of both subtypes and usually present with extensive whorl formation, wherein tumour cells wrap around each other forming concentric layers. The latter have a tendency to hyalinise and calcify to form the characteristic concentric calcifications known as psammoma ("sand-like", based on their gritty, gross appearance) bodies. Fig 11: Psammomatous meningioma. Fig a) coronal CECT showing densely calcified  and apparently ossified meningioma in right parietal region. Fig b) histopathology of the same showing numerous calcified psammoma bodies and inconspicuous meningothelial component. 
Psammomatous Meningioma:
This designation is applied to meningiomas containing a predominance of psammoma bodies over that of the tumour cells which give rise to them. They often become confluent, forming irregular calcified masses and occasionally bone. The neoplastic cells of this variant usually have a transitional appearance with whorl formation. Some tumours are almost completely replaced by psammoma bodies, intervening meningothelial cells being hard to find. Psammomatousmeningiomas characteristically occur in the thoracic spinal region and usually in middle-aged women.
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Angiomatous Meningioma:
Angiomatousmeningiomas have the histological and clinical features of benign meningioma in which the blood vessels components exceed 50%. Angiomatousmeningiomas are rare tumors and constitute 2.1% of all meningiomas.Angiomatousmeningiomas have some specific radiographic features. Because of the great amount of blood vessels, bleeding within the tumor mass is usual. Peritumoral edema is observed very often (although they belong to WHO grade I). Angiomatousmeningiomas also show isointensity or hyperintensity to the cerebral cortex on MRI. Short extension of contrast enhancing tissues along the dura mater (dural tail) is also a valuable diagnostic feature. 26 Martin et al. classified angiomatous meningioma into two patterns based on diameter of vessels as>50% of vessels having larger than 30 µm in diameter and microvascular subtype in which >50% of vessels were smaller than 30 µm in diameter. It is the microvascular pattern which can be confused with hemangioblastoma.
Angiomatous meningioma can have foamy cells which are related to leakage of plasma lipids across thin vessel wall. All the meningiomas which are entirely hemangioblastic cannot be distinguished from hemangioblastoma except by its attachment to dura, immunohistochemical markers, and electron microscopy.
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Microcystic Meningioma:
It accounts for 1.6% of intracranial meningiomas.
MRI studies on microcysticmeningiomas are scarce. Paek et al. 28 reported MRI characteristics of 16 cases with micro-cystic meningiomas. They concluded that characteristicMRI findings of microcysticmeningiomas show low signal intensity on T1-weighted images, high signal intensity on T2-weighted images and high incidence of peritumoral edema. This variant is characterized by cells with thin, elongate processes encompassing microcysts containing pale, eosinophilic mucinous fluid. Pleomorphic cells may be numerous, but microcysticmeningiomas are typically benign.
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Atypical Meningioma:
Atypical meningioma accounts for about 4.7% to 7.2% of all kinds of meningiomas, which is invasive with a relatively high recurrence and mortality. The typical course of atypical meningioma (6-10 months) is shorter than that of benign meningioma (2-4 years). Atypical meningiomas are characterized by uneven and partially invasive growth, irregular edges, and lobulated or mushroom-like protuberances. Plain imaging scans show uneven density or signal intensity, and a minority of tumors have necrosis or cystic degeneration appearing as low density. Calcification is less frequently observed on imaging. Enhancement scans reveal irregular edges, uneven enhancement, and uneven internal structure. Peritumoral edema may occur depending on the location of the tumor. The "dural tail" sign is short and irregular. In addition, damage to the skull and dura mater/venous sinus is evident.
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Secretory Meningioma:
These tumours have a marked female predominance (male: female ratio of 9:1) and preferentially involve thefrontal meninges and sphenoid ridge. On clinicoradiologic evaluation, this subtype may present with PTBE giving an ominous picture. The tumour represents a highly On T1-weighted images, meningiomas are isointense (62.5%) or hypointense (37.5%) relative to the cerebral cortex. On T2-weighted images, the tumours are isointense (51%) or mildly hyperintense (40%).
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Chordoid Meningioma: The term ""chordoidmeningiomas"" was first coined by Kepes et al. 32 as a histopathological classification of tumors removed in seven patients (aged 8-19 years) with Castleman"s syndrome. CM was described as an independent entity in children with hematological involvement and has been recognized as a peculiar meningioma in children with an inflammatory syndrome. CM represents between 0.5 and 1.0% of all meningiomas, and it is frequently located in the supratentorial region. The tumour is isointense with the parenchyma on T1 and T2 weighted MRI. The MRI features of CCM are not much different from the other meningiomas. On T1 and T2 weighted MRI the tumour is isointense with the parenchyma and homogeneously enhances after gadolinium injection. 35 
Papillary Meningioma:
Papillary meningioma (PM) is an aggressive histological variant of meningioma, which accounts for 1.0-2.5% of all meningiomas. PM are frequently seen in the supratentorial compartment though rare locations like posterior fossa, jugular foramen and occulomotor nerve have been described. 36 It is defined by the presence of a perivascular pseudopapillary pattern comprising the majority of the tumour.
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Rhabdoid meningioma Anaplastic (Malignant) Meningioma:
Anaplastic or malignant meningiomas (WHO Grade III) represent the most rare but aggressive subtype, accounting for 1-3% of all intracranial meningiomas. The genetic alterations associated with anaplastic meningiomas are complex, some of which are shared with atypical meningiomas.
Differentiating between malignant and benign meningiomas before surgery is important for both treatment planning Sand the prognosis appraisal. Although meningiomas do have some identifiable imaging features on conventional MR images, no special feature has been found to be reliable in predicting tumor grade. Perfusion MR imaging reflects the characteristics of the regional blood supply, an important biological marker of tumor grade and prognosis [Perfusion MR imaging for differentiation]. One study reports the use of six imaging features as a means of distinguishing Grade I from Grade II/III meningiomas: (1) intratumoral cystic change; (2) hyperostosis of the adjacent skull; (3) bony destruction; (4) extracranial tumor extension through the skull base; (5) arterial encasement; and (6) peritumoral brain edema. 37 There are, however , some CT or MRI trends that point in favor of malignant meningioma: 1) the absence of visible calcium aggregates; 2) "mushrooming" or the presence of a prominent pannus of tumor extending well away from the globoid mass; 3) nonhomogeneous enhancement ; 4) necrosis ; and 5) presence of in-distinct tumor margins. If angiography is performed, arteriovenous shunting is a feature that suggests malignancy.
The proliferative potential of tumors can be quantitated, using bromodeoxyuridine, KI-67, MIB-1 and proliferating cell nuclear antigen (PCNA) labeling index, and this information helps in predicting the clinical behavior of tumors and the need for treatment.
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Conclusion:
In view of the observed evidence, it was concluded that understanding the classification, pathology and imaging appearance meningioma are essential for treatment planning. CT and MR imaging play indispensable role in the localization & characterization of these tumors, and MR have virtually yielded its position of dominance in characterizing these tumors.
